^edrching PA J 



1/1 ^— i> 



PATENT ABSTRACTS OF JAPAN 



(1 1 publication number : 1 0-021 1 84 

(43)Date of publication of application : 23.01.1998 



(51)Int.CI. 




Q06F 13/28 






Q06F 1/04 




(21)Application number 


: 08-188286 


(71)Applicant 


NEC CORP 


(22)Date of filing : 


28.06.1996 


(72)Inventor : 


SONOBE SATORU 



(54) SINGLE-CHIP MICROCOMPUTER WITH BUILT-IN DMA 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a 
microcomputer which can perform the fast DMA transfer 
between a memory that can be accessed by a CPU with 
a single clock and every peripheral circuit. 
SOLUTION: A multiplexer 15 selects a RAM address bus 
14 or an internal bus 11 which is outputted from a CPU 
2 and outputs the selected bus to a RAM 4 as a RAM 
address 16, and a RAM data buffer 18 which transfers 
data between a RAM data bus 1 7 and the bus 1 1. Thus, 
the RAM 4 can be accessed via the bus 11 in in a DMA 
transfer state. Furthermore, the clock of the CPU 2 is 
stopped in the DMA transfer state and therefore the 
power consumption of the CPU 2 is reduced. 
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CLAIMS 



[Claim(s)] 

[Claim 1] It considers as the configuration which connects between CPU and the memory in which access of 
data is performed by bus where the internal bus which connects between said CPUs and peripheral devices 
is another. The address input to said memory The address bus output of said CPU and either of said internal 
buses are chosen and supplied. The data bus of said memory and said CPU is a single chip microcomputer 
with built-in DMA which is connected with said internal bus through a buffer means, and is characterized by 
accessing said memory through said internal bus at the time of a DMA transfer. 

[Claim 2] A central data-processing means, ROM which stores an instruction, and RAM which stores data, 
A circumference circuit, a Direct-Memory- Access circuit, a bus control circuit, and an interrupt control 
circuit, The clock control circuit, the oscillator circuit, and said central data-processing means for said 
central data-processing means, The internal bus which connects said circumference circuit, said Direct- 
Memory- Access circuit, said bus control circuit, said interrupt control circuit, and said clock control circuit, 
The ROM address bus which said central data-processing means outputs to said ROM, The ROM data bus 
which said ROM outputs to said central data-processing means, The RAM address bus which said central 
data-processing means outputs to said RAM, The RAM data bus which connects said central data- 
processing means and said RAM, A RAM address selection means to choose either of the RAM address 
which said central data-processing means outputs, and said internal bus, The single chip microcomputer 
characterized by what it has a means to connect said RAM data bus and internal bus through a data buffer, 
and a Direct-Memory- Access transfer is performed for between said RAM and said circumference circuits 
through said internal bus. 

[Claim 3] The single chip microcomputer according to claim 2 with which the clock control circuit for said 
central data-processing means is characterized by what the clock supplied during a Direct-Memory- Access 
transfer to said central data-processing means is stopped for. 

[Claim 4] Said central data-processing means is a single chip microcomputer according to claim 2 
characterized by what said RAM is accessed for with one clock through said RAM address bus, said RAM 
address selection means, and said RAM data bus. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to the low-power DMA control system of the single 
chip microcomputer which contained the RISC mold core based CPU about a single chip microcomputer. 
[0002] 

[Description of the Prior Art] Conventionally, the low-power portable information device with which the 
transfer of a stop and long duration was also made to oscillate the clock of CPU with a low power is 
proposed by JP,2-244312,A during transmission of data, and reception (CPU is not operating in the 
meantime) as a microcomputer which contained the DMA (Direct Memory Access) fiinction. 
[0003] Drawing 7 is the block diagram showing an example of the conventional single chip microcomputer 
with built-in DMA. Reference of drawing 7 connects arithmetic and program control (henceforth "CPU") 
101 to memory 102, the CPU clock oscillation control circuit 103, the interrupt control circuit 104, the 
Direct-Memory- Access (DMA is called hereafter) circuit 106, and the serial communication circuit 107 
through the bus 111. The output a of the strange demodulator circuit 109 connected to the transfer coil 1 14 
is connected to the serial communication circuit 107 and the DMA circuit 106. The output b of the serial 
communication circuit 107 is connected to the strange demodulator circuit 109, and the output c is 
connected to the DMA circuit 106. 

[0004] The output d of the DMA circuit 106 is connected to the serial communication circuit 107, and the 
output e is connected to the bus control circuit 105. The BASURI QUEST output h of the bus control circuit 
105 is connected to CPU101, and the output f is connected to the interrupt control circuit 104. The interrupt 
output j of the in RAPUTO control circuit 104 is connected to CPU101, and the output g is connected to the 
CPU clock oscillation control circuit 103. 

[0005] The quartz resonator 1 12 for CPU is connected to the CPU clock oscillation control circuit 103, the 
clock output k is connected to CPU101, and the output m is connected to the bus control circuit 105. The 
bus acknowledgement output i of CPU101 is connected to the CPU clock control circuit 103, the interrupt 
control circuit 104, and the bus control circuit 105. 

[0006] The quartz resonator 1 13 is connected to the oscillator circuit 110, and the output n is connected to 
the DMA circuit 106, the serial communication circuit 101, and the strange demodulator circuit 109. 
[0007] Next, actuation of the single chip microcomputer with built-in DMA shown in drawing 7 is 
explained. Reception actuation is explained first. 

[0008] In reception actuation, CPU101 makes the DMA circuit 106 and the serial communication circuit 
107 the waiting for a DMA transfer. 

[0009] Next, CPU101 executes clock stop instruction to the CPU clock oscillation control circuit 103. The 
CPU clock oscillation control circuit 103 transmits the instruction to the bus control circuit 105 through an 
output m. 

[0010] The bus control circuit 105 takes out the BASURI QUEST output h to CPU101, and waits for the bus 
acknowledgement i from CPU101. 

[001 1] If the bus acknowledgement i is received, the CPU oscillation control circuit 103 will suspend the 
oscillation of a CPU clock, and will serve as low consumed-electric-current mode. 

[0012] this condition — a transfer block — electromagnetism — if it becomes irregular as a signal wave form 
and is inputted from the transfer coil 1 14, it will get over by the strange demodulator circuit 109, and that 
signal wave form will be inputted into the flag judging circuit 108. 

[0013] A check of that the flag judging circuit 108 is a flag sends the signal 1 of DMA reception 
authorization to the serial communication circuit 107 and the DMA circuit 106. 

[0014] The serial communication circuit 107 divides the data to the following flag received after a flag for 



©very byte, and sends them to the DMA circuit 106. 

[0015] The DMA circuit 106 writes the data from the serial communication circuit 107 in memory 102 
through a bus 111. 

[0016] And if an end flag is received, the flag judging circuit 108 will tell the signal of reception termination 
to the serial communication circuit 107 and the DMA circuit 106. 

[0017] The DMA circuit 106 which received the signal of reception termination tells DMA reception 
termination to the bus control circuit 105, and the bus control circuit 105 sends out a DMA reception 
termination interrupt demand to the interrupt control circuit 104. 

[0018] The interrupt control circuit 104 which received the interrupt demand starts an oscillation signal to 
the CPU clock oscillation control circuit 103, and delivery and the quartz resonator 1 12 for CPU start an 
oscillation. It tells that the CPU clock oscillation control circuit 103 outputted the clock to CPU101 in the 
place by which the oscillation was stabilized, and outputted the CPU clock to the bus control circuit 105. 
The bus control circuit 105 checks that the clock has been outputted to CPU101, drops BASURI QUEST, 
and opens a bus. 

[0019] The interrupt control circuit 104 will output interrupt to CPU101, if it gets to know that CPU101 
gained the bus with the bus acknowledgement signal from CPU101. By making it above, it can know could 
receive data, even if CPU101 had stopped, and having received CPU101. 
[0020] Next, the case of transmission is explained. 

[0021] CPU101 makes the DMA circuit 106 and the serial communication circuit 107 the waiting for a 
DMA transfer. CPU101 sends a DMA SEND statement to the CPU clock oscillation control circuit 103, the 
DMA circuit 106, and the serial communication circuit 107. 

[0022] The CPU clock oscillation control circuit 103 requires acquisition of a bus of the bus control circuit 
105 in response to a DMA SEND statement. The bus control circuit 105 which received the demand outputs 
a BASURI QUEST signal to CPU101, and gains a bus. If a bus is gained, the CPU clock oscillation control 
circuit 103 will suspend an oscillation, and will become low-power mode. The serial communication circuit 
107 transmits a start flag, and transmits the data which the DMA circuit 106 read from memory 102 next 
one after another. If it finishes sending all the data that should be sent, the serial sending circuit 107 will 
transmit an end flag. 

[0023] The output of the serial communication circuit 101 is modulated by the wave which can be 
transmitted with the transfer coil 1 14 by the strange demodulator circuit 109. 

[0024] After transmission is completed, the DMA circuit 106 tells transmitting termination to the bus 
control circuit 105, and the bus control circuit 105 gives a transmitting termination interrupt demand to the 
interrupt control circuit 104. The interrupt control circuit 104 gives an oscillation demand to the CPU clock 
oscillation control circuit 103. 

[0025] The CPU clock oscillation control circuit 103 supplies a clock to CPU101 in the place by which 
initiation and an oscillation were stabilized in the oscillation, and tells it to the bus control circuit 104. The 
bus control circuit 104 cancels BASURI QUEST, and releases a bus. The interrupt control circuit 104 takes 
out transmitting termination interrupt to CPU101 in response to the bus acknowledgement signal discharge 
from CPUlOr. By making it above, even if CPU101 has stopped, data can be transmitted. 
[0026] 

[Problem(s) to be Solved by the Invention] The above-mentioned conventional technique has the trouble of 
the following publication. 

[0027] (1) The 1st trouble is a point that the access speed of the memory from CPU is slow. For this reason, 
even if it uses the RISC mold CPU which processes one instruction with one clock, a number clock will be 
needed for memory access and, as a result, the throughput of CPU declines. 

[0028] The reason is because CPU and memory are connected by other circumference circuits and common 
bus. To this common bus, load-carrying capacity, such as wiring capacity and an input capacitance by each 
circumference circuit, has added, and this causes a speed fall of the memory access by CPU into it. 
Moreover, in order that the bus connected to each circumference circuit may make wiring area small, it is 
made general to carry out the multiplexer of the address and the data, and, thereby, a number clock is needed 
for memory access. 

[0029] (2) The 2nd trouble is a point that CPU's being unable to perform other processings at all and the 
synthetic throughput of CPU decline during serial transmission and reception. 

[0030] The reason is serial, and it is for stopping a stop and the clock supply to CPU for the oscillation of 
the quartz resonator for CPU after starting transmission and reception of a data block until it ends. For this 
reason, while performing serial transmission and reception, CPU stops completely. And in order for the 
oscillation stability of the quartz resonator for CPU to take the time amount for several ms after serial 



transceiyer termination, CPU stops also in the meantime. 

[003' 1] Therefore, this invention is made in view of the above-mentioned situation, and the purpose is in 
offering the microcomputer which made it possible to perform a high-speed DMA transfer between 
accessible memory and each accessible circumference circuit with one clock from CPU. Furthermore, this 
invention also makes it the purpose to reduce the power consumed by CPU by suspending the clock of CPU 
at the time of a DMA transfer. 
[0032] 

[Means for Solving the Problem] In order to attain said purpose, the microcomputer with built-in DMA of 
this invention It considers as the configuration which connects between CPU and the memory in which 
access of data is performed by bus where the internal bus which connects between said CPUs and peripheral 
devices is another. The address input to said memory The address bus output of said CPU and either of said 
internal buses are chosen and supplied, the data bus of said memory and said CPU is connected with said 
internal bus through a buffer means, and it is characterized by accessing said memory through said internal 
bus at the time of a DMA transfer. 
[0033] 

[Embodiment of the Invention] The example which explains more concretely the gestalt of desirable 
operation of this invention and the gestalt of operation is explained with reference to a drawing below. 
[0034] In the gestalt of the desirable operation, if drawing 1 is referred to, this invention is equipped with 
the RAM address bus 14 which CPU2 outputs, a selection means 15 to choose either of the internal buses 1 1 
and to output to RAM4 as the RAM address 16, and the RAM data bus 17 and the RAM data buffer 1 8 
which delivers data between internal buses 11, and is enabling access of RAM4 through the internal bus 1 1 
at the time of a DMA transfer. Moreover, the clock of CPU2 is suspended at the time of a DMA transfer. 
[0035] Namely, the microcomputer with built-in DMA concerning the gestalt of operation of this invention 
CPU2, ROM3 which stores an instruction, and RAM4 which stores data, The serial communication circuit 
9, the DMA circuit 8, the bus control circuit 7, and the interrupt control circuit 6, The internal bus 1 1 which 
connects the CPU clock control circuit 5, an oscillator circuit 10, CPU2 and the serial communication circuit 
9, the DMA circuit 8, the bus control circuit 7, the interrupt control circuit 6, and the clock control circuit 5, 
The ROM address bus 12 which CPU2 outputs to ROM3, and the ROM data bus 13 which ROM3 outputs 
to CPU2, The RAM data bus 17 to which CPU2 connects the RAM address bus 14 outputted to RAM4, and 
CPU2 and RAM4, A RAM address selection means 15 to choose either of the RAM addresses 14 and the 
internal buses 1 1 which CPU2 outputs, It has a means to connect an internal bus 1 1 with the RAM data bus 
17 through a data buffer 18, and a DMA transfer is performed between RAM4 and the serial communication 
circuit 9 through an internal bus 1 1 . 

[0036] The CPU clock control circuit 5 stops the clock supplied into a DMA transfer to CPU2. 

[0037] CPU2 accesses RAM4 with one clock preferably through the RAM address bus 14, the RAM address 

selection means 15, and the RAM data bus 17. 

[0038] 

[Example] The example of this invention is explained below with reference to a drawing that the gestalt of 
operation of above-mentioned this invention should be further explained to a detail. 
[0039] [Example 1] The 1st example of this invention is first explained with reference to a drawing. 
Drawing 1 is the block diagram showing the important section of the single chip microcomputer with built- 
in DMA concerning the 1st example of this invention. 

[0040] Reference of drawing 1 connects CPU2 in a single chip microcomputer 1 with ROM3 through the 
ROM address bus 12 and the ROM data bus 13 in this example. Moreover, CPU2 is connected with RAM4 
through the RAM address buses 14 and 16, the multiplexer 15, and the RAM data bus 17. Furthermore, 
CPU2 is connected to the CPU clock oscillation control circuit 5, the interrupt control circuit 6, the bus 
control circuit 7, the DMA circuit 8, and the serial communication circuit 9 through the bus 11. The internal 
bus 1 1 and the RAM data bus 17 are connected through the RAM data buffer 18. 

[0041] The serial input al from the serial input terminal 21 and the serial output a2 to an output terminal 22 
are connected to the serial communication circuit 9. The completion output a3 of serial transmission / 
reception of the serial communication circuit 9 is connected to the DMA circuit 8. The DMA data strobe 
signal a4 of the DMA circuit 8 is connected to the serial communication circuit 9, the output DMA request 
signal a5 is connected to the bus control circuit 7, and the output DMA interruput signal al 1 is connected to 
the interrupt control circuit 6. 

[0042] The DMA acknowledgement signal a6 of the bus control circuit 7 is connected to CPU2 and the 
DMA circuit 8, and the CPU clock stop signal alO is connected to CPU2 and the CPU clock control circuit 
5. The interruption request signal a8 of the interrupt control circuit 6 is connected to CPU2. 



£0043] Jhe CPU clock output a7 of the CPU clock oscillation control circuit 5 is connected to CPU2. The 
interruption acknowledgement signal a9 of CPU2 is connected to the interrupt control circuit 6. The quartz 
resonator 19 is connected to the oscillator circuit 10 through terminals 22 and 23, and the system clock al2 
is connected to ROM3, RAM4, the RAM data buffer 18, the CPU clock control circuit 5, the interrupt 
control circuit 6, the bus control circuit 7, the DMA circuit 8, and the serial communication circuit 9. 
[0044] The internal bus 1 1 of the main differences between this example and the above-mentioned 
conventional technique is the point that connect with RAM data bus 17 in this example where CPU2 and 
RAM4 are another, and the RAM data bus 17 and the internal bus 1 1 are connected through a RAM data 
buffer. 

[0045] Moreover, it is the point of having connected the address bus 16 which switched the address bus 14 
which CPU2 outputs, and the internal bus 1 1 by the multiplexer 15 as the address of RAM4. 
[0046] Next, actuation at the time of reception of this example is explained using the timing chart of 
drawing 2 , and the flow chart of drawing 3 . 

[0047] CPU2 sets the starting address and transfer byte count of RAM4 which received data store as the 
DMA circuit 8 according to the instruction stored in ROM3 (rl of drawing 3 ). In the timing chart of 
drawing 2 , a starting address is set to SA1 and the transfer byte count is set to n. 

[0048] If a serial input al is inputted from a terminal 21 after making the serial communication circuit 9 into 
a receiving authorized state by CPU2, the serial communication circuit 9 will start reception (R> 3 drawing 
3 r2). 

[0049] After serial reception is completed, the serial communication circuit 9 outputs the completion a3 of 
reception to the DMA circuit 8 (r3 of drawing 3 ). 

[0050] In response, the DMA circuit 8 outputs the DMA request a5 to the bus control circuit 7. In the bus 
control circuit 7, when the bus cycle of an internal bus 1 1 is arbitrated and a DMA bus cycle is received (r4 
of drawing 3 ), the DMA acknowledgement a6 is outputted to the DMA circuit 8, and the CPU clock stop 
signal alO is outputted to CPU2 and the CPU clock control circuit 5. 

[0051] In the CPU clock control circuit 5, the CPU clock a7 supplied to CPU2 with the CPU clock stop 
signal alO is stopped between four clocks. While the CPU clock stop signal alO is active, CPU2 stops, 
where the RAM data bus 17 is released for an internal bus 11, while the DMA acknowledgement a6 was 
active (r5 of drawing 3 ). 

[0052] The DMA circuit 8 uses these buses for the period (refer to Tl of drawing 2 - T four) when the 
internal bus 1 1 and the RAM data bus 17 were released, and performs a data transfer from RAM4 to the 
serial communication circuit 9 at it. The period of Tl and T2 and the DMA circuit 8 output the address SA 1 
of RAM4 beforehand set as the internal bus 1 1 by CPU (r6 of drawing 3 ). A multiplexer 15 buffers the 
address SA 1 on a bus 11, and outputs the address SA 1 to the RAM address 16 between 4 clocks from the 
middle ofTl. 

[0053] The DMA circuit 8 outputs the DMA data strobe a4 to the serial communication circuit 9 at T3 and 
the period of T four. The serial communication circuit 9 outputs this period received-data SD1 to an internal 
bus 1 1 (r7 of drawing 3 ). 

[0054] The RAM data buffer 18 takes over received-data SD1 from an internal bus 11, and outputs it to the 
RAM data bus 17. Thereby, received-data SD1 is written in the address SA 1 of RAM4 (r8 of drawing 3 ). 
[0055] In the DMA circuit 8, it prepares for the following DMA transfer, the address of RAM is 
incremented one time, and 1 decrement of the counter which shows the count of a transfer is carried out. 
[0056] 1 time of a DMA transfer is ended now. The bus control circuit 7 makes inactive the CPU clock stop 
signal alO, and the CPU clock control circuit 5 resumes the clock supply to CPU2 (r9 of drawing 3 ). 
[0057] If the DMA transfer of the count of assignment is not completed, if the serial communication circuit 
9 has waiting and an input in the serial input al from a terminal 21, it will start serial reception. Henceforth, 
r2 to rlO of drawing 3 is repeated. 

[0058] the DMA transfer of the count of assignment — ending ( drawin g 2 n times) — the DMA circuit 8 
outputs the completion interruption al 1 of reception to interrupt control 6 (rl 1 of drawing 3 ). 
[0059] The interrupt control circuit 6 interrupts CPU2, and outputs a request a8. CPU2 will output the 
interruption acknowledgement a9 to the interrupt control circuit 6, if interruption is received (rl2 of drawing 
3). 

[0060] Next, actuation at the time of transmission is explained using the timing chart of drawing 4 , and the 
flow chart of drawing 5 . 

[0061] CPU2 sets the starting address and transfer byte count of RAM4 in which the transmit data is stored 
as the DMA circuit 8 according to the instruction stored in ROM3 (tl of drawing 5 ). In the timing chart of 
drawing 4 , a starting address is set to SA1 and the transfer byte count is set to n. 



[0062] By the completion of a setting by CPU2, the DMA circuit 8 outputs the DMA request a5 to the bus 
control circuit 7. In the bus control circuit 7, when the bus cycle of an internal bus 1 1 is arbitrated and a 
DMA bus cycle is received (t2 of drawing 5 ), the DMA acknowledgement a6 is outputted to a DMA circuit, 
and the CPU clock stop signal alO is outputted to CPU2 and the CPU clock control circuit 5. 
[0063] In the CPU clock control circuit 5, the CPU clock a7 supplied to CPU2 with the CPU clock stop 
signal alO is stopped between 4 clocks. While the CPU clock stop signal alO is active, CPU2 stops, where 
the RAM data bus 17 is released for an internal bus 1 1 while the DMA acknowledgement a6 was active (t3 
of drawing 5 ). 

[0064] The DMA circuit 8 uses these buses for the period (Tl of drawing 4 - T four) when the internal bus 
1 1 and the RAM data bus 17 were released, and performs a data transfer from the serial communication 
circuit 9 to RAM4 at it. The period of Tl and T2 and the DMA circuit 8 output the address SA 1 of RAM4 
beforehand set as the internal bus 1 1 by CPU (t4 of drawing 5 ). A multiplexer 15 buffers the address SA 1 
on a bus 1 1, and outputs the address SA 1 to the RAM address 16 between 4 clocks from the middle of Tl . 
[0065] RAM4 outputs transmit data SD1 of the address SA 1 to the RAM data bus 17. The RAM data buffer 
18 outputs T3 and transmit data SD1 on the period RAM data bus 17 of T four to an internal bus 1 1 (t5 of 
drawing 5 ). 

[0066] The DMA circuit 8 outputs the DMA data strobe a4 to the serial communication circuit 9 at the 
period of T four. Moreover, in preparation for the following DMA transfer, the address of RAM is 
incremented one time, and 1 decrement of the counter which shows the count of a transfer is carried out. 
[0067] The serial communication circuit 9 takes over transmit data SD1 from an internal bus 1 1 by the 
DMA data strobe a4 (t6 of drawing 5 ). 

[0068] 1 time of a DMA transfer is ended now. The bus control circuit 7 makes inactive the CPU clock stop 
signal alO, and the CPU clock control circuit 5 resumes the clock supply to CPU2 (t7 of drawing 5 ). 
[0069] The serial communication circuit 9 is outputted to a terminal 20 by making the taken-over data into a 
serial output a2 (t8 of drawing 5 ). After a serial output is completed, the serial communication circuit 9 
outputs the completion a3 of transmitting to the DMA circuit 8 (R> 5 drawing 5 t9). 

[0070] The DMA circuit 8 outputs the DMA request a5 to the bus control circuit 7, if the DMA transfer of 
the count of assignment is not completed (tl 1 of drawing 5 ). Henceforth, t2 to tlO of drawing 5 is repeated. 
[0071] the DMA transfer of the count of assignment — ending ( drawing 4 n times) — the DMA circuit 8 
outputs the completion interruption al 1 of transmitting to interrupt control 6 (tl2 of drawing 5 ). The 
interrupt control circuit 6 interrupts CPU2, and outputs a request a8. CPU2 will output the interruption 
acknowledgement a9 to the interrupt control circuit 6, if interruption is received (R> 5 drawing 5 tl3). 
[0072] Next, the 2nd example of this invention is explained with reference to a drawing. Drawing 6 is the 
block diagram showing the important section of the single chip microcomputer with built-in DMA 
concerning the 2nd example of this invention. The difference with said 1st example is a point which builds 
in the DMA circuit 81 corresponding to two or more circumference circuits 91-99 where a microcomputer 
50 is set as the object of DMA, and two or more circumference circuits 91-99. 

[0073] The circumference circuits 91-99 outputted the DMA request signals a31-a39 to the DMA circuit 8, 
respectively, and have inputted the DMA strobe signals a41-a49 from the DMA circuit 8. Moreover, signals 
a21-a29 were outputted to terminals 61-69, respectively, and signals a51-a59 are inputted from terminals 71- 
79. The circumference circuit here has pointed out a parallel communication circuit, an A/D converter, D/A 
converters including a serial communication circuit, etc. 

[0074] Since other configurations are made to be the same as that of said 1st example, the explanation is 
omitted. 

[0075] Next," actuation of this example is explained. In addition, below, it carries out only about difference 
with actuation of said 1st example. 

[0076] CPU2 sets the starting address and transfer byte count of RAM4 as the DMA circuit 81 to each of the 
circumference circuits 91-99. The DMA circuit 81 shown in drawing 6 arbitrates the DMA request signals 
a31-a39 from two or more circumference circuits 91-99, and receives one DMA request. The DMA request 
which was not received is suspended and is set as the object of the next mediation. The DMA circuit 81 
performs a DMA transfer between RAM4 like the operation gestalt 1 to the received circumference circuit. 
[0077] For example, suppose that the circumference circuit 95 was received here. The DMA circuit 81 
outputs the DMA request a5 to the bus control circuit 7. If the bus control circuit 7 outputs the DMA 
acknowledgement a6, the DMA circuit 81 will output the RAM address corresponding to the circumference 
circuit 95 on an internal bus 1 1 . Outputting the DMA data strobe a45 to the circumference circuit 95 in the 
case of the DMA transfer from the circumference circuit 95 to RAM4, the circumference circuit 95 outputs 
data on a bus 11. 



[0078] The RAM data buffer 18 outputs the data on a bus 1 1 to the RAM data bus 17, and data are written in 
RAM4. On the contrary, in the case of the DMA transfer from RAM4 to the circumference circuit 95, the 
RAM data buffer 18 outputs the data of the RAM data bus 17 on a bus 11. 

[0079] The DMA circuit 81 outputs the DMA data strobe a45 to the circumference circuit 95, and the data 
on a bus 1 1 are written in the circumference circuit 95. 

[0080] After 1 time of a DMA transfer is completed, the DMA circuit 81 arbitrates the DMA request under 
hold, and chooses one demand. Hereafter, a DMA transfer and mediation are repeated and the DMA transfer 
to all DMA requests is performed. 
[0081] 

[Effect of the Invention] As explained above, according to the single chip microcomputer with built-in 
DMA of this invention, the DMA transfer of data is made per time (for example, four clocks) between 
accessible RAM and each accessible circumference circuit with one clock from CPU. Moreover, at the time 
of a DMA transfer, the effectiveness of reducing the power consumed by CPU also does so by suspending 
the clock of CPU. 

[0082] In the microcomputer of the above-mentioned conventional technique, since CPU stops until a series 
of DMA transfers are completed from the time of initiation of a DMA transfer and the quartz resonator for 
CPU is stabilized, the difference of the throughput of CPU between this invention and the above-mentioned 
conventional technique is made clear. 

[0083] Moreover, as compared with a microcomputer without a DMA circuit, it is as follows. In a 
microcomputer without a DMA circuit, the data transfer between a circumference circuit and RAM will use 
interruption. When processing by interruption, it is common that 20 clock extent is needed for performing 
data transfer between a circumference circuit and RAM also at the lowest including branching to an 
interrupt handler, the return from an interruption routine, and evacuation/return of a general-purpose 
register. 

[0084] On the other hand, in the microcomputer of this invention, since a clock can perform 1 time of a 
DMA transfer, for example, there is data transfer capacity about 5 times the rate of a microcomputer without 
a DMA circuit. Especially like the microcomputer for inclusion control, many circumference circuits are 
built in, and when [ between RAM ] performing data transfer frequently, the microcomputer of this 
invention is very effective. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram showing the configuration of the single chip microcomputer with built- 
in DMA concerning the 1st example of this invention. 

[Drawing 2] It is a timing chart for explaining the DMA transfer at the time of the serial reception in the 1st 
example of this invention. 

[Drawing 3] It is a flow chart for explaining the DMA transfer at the time of the serial reception in the 1st 
example of this invention. 

[Drawing 4] It is a timing chart for explaining the DMA transfer at the time of the serial transmission in the 
1st example of this invention. 

[Drawing 5] It is a flow chart for explaining the DMA transfer at the time of the serial transmission in the 
1st example of this invention. 

[Drawing 6] It is the block diagram showing the configuration of the single chip microcomputer with built- 
in DMA concerning the 2nd example of this invention. 

[Drawing 7] It is the block diagram showing the configuration of the gestalt of a single chip microcomputer 
with built-in DMA conventionally. 
[Description of Notations] 

1 50,101 Single chip microcomputer 

2 CPU 

3 ROM 
4,102 RAM 

5 CPU Clock Control Circuit 

6 Interrupt Control Circuit 
7,105 Bus control circuit 

8 81,106 DMA circuit 

9,107 Serial communication circuit 

1 0, 1 1 0 Oscillator circuit 

1 1 Internal Bus 

12 ROM Address Bus 

13 ROM Data Bus 

14 16 RAM address bus 

15 Multiplexer 

17 RAM Data Bus 

18 RAM Data Buffer 

1 9, 1 1 2, 1 1 3 Quartz resonator 
20-23, 61-69, 71-79 Terminal 
91-99 Circumference circuit 

103 CPU Clock Oscillation Control Circuit 

104 Interrupt Control Circuit 

108 Flag Judging Circuit 

109 Strange Demodulator Circuit 
114 Coil 
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1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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WE^y — orK^AAfi, WEcpucrK^ 

•^-f ^ a n yt°^."^ 0 
[1(1**2] 

wer oM*««rE**«jitt»*aKtti*-*-5 romt 
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Mf-^^^^IT, iSRAMS: 1 9 o y9~ZT9 
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[0 0 0 1 ] 

>T ^ nn^fcT a-#tBU ftllRISClCPUnT 

»«ADMAtt»**KlBB-r6. 
[0 0 0 2] 

10 [«*(0S[«] dma w^n^iirn 

«#ffl¥2-2 4 4 3 1 2^i(Ilt 7*— *<Z)i£fg£ 
SfS^BB (C^P a lCPU|j:lffltv^^) % CPU© 

■efr 5 J: 5 1^ lfcffiffi*«*ft*ff ttMB0'«X §ttt 
[0 0 0 3] 07(1, ft&^DMArt/g^^/l^y:/ 

20 ti^) 1 o 1 1 1 ^it, >^ey 10 

2, CPU^oy^**«#PEU«l 0 3, ^^7^h 

$j«ihis&i o 4, y-r ^y r^i?^ («t. d 

MA<h»t) glKl 0 6, T/HIffdli&l 0 7 

Hung 1 0 9 ©ffi^j a > y Ttvm^mn io7^d 

MA@fSi0 6i:8«Sjitv^ o *>y T/i'SMtEKl 
0 70M*bH:««WiaBl 0 9^««*n. ftfi c tt 
DMAlHj&gl 0 6 fcttttSflT^So 
[0 0 0 4] DMA[HlB 106 ©tti^ d y 

30 @Ki0 7 ffi* e «y<*fH«[gj8 10 51: 

sa*$*t-c^5 0 /^sa^niKi 0 5©^^ y h 
ffi^hiicpuioingijti, tu^ffi^^^^y 

Sl04^y^7/MtiAi(iCPUl0 ingy«£ 
*U tt|^gflCPU^n^^«®$iJW[HlKl 0 3fc:SaK 

[0 0 0 5] CPU*ny**«H«§ll8l 0 3i:tt, 
CPUffl*fiSB^l 1 2tf»«**tt*3D, ^ny^ 
ffi^kliCPUl 0 lfcfiHfcStb, ffl*mtt/<^ftH(ia 

40 ggi 0 5 ng^SftTi^o cpuioi^r^y 
y^^a*ittcpu^psx^«»iaBio3, ^fy^ 
7?vwssm&\ 0 4, aw^^anwiiaisi 0 sKssj* 

[0 0 0 6] 1 1 0 fctt, **S»^ 113^' 

«»*JxTi3D, U*n»4DMAHI«8l 0 6, > y T/U 

aft mis 101, smfstuss 1 o 9 ^sas^r v>« 0 

[0 0 0 7] ft\zMl \^LtzDMAp^1S,i^y^^y 
50 [0 0 0 8] g«»f^fc*5V^-Ctt % CPU10 1I1 D 
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MAlnlKl 0 6 k is y T/HIft (elK 1 0 7£rDMAfciI 

[0 0 0 9] )Sk(lCPUl 0111 CPU^n s/*#Jg 
MfPiaftl 0 3\Z? vyf^kfii^Z^ft-f&o CPU 
*n**3S««l«aill0 3HU *<0*iM*&ai;*Jm«:» 
LT'<**»0ISl 0 5— £;L£ 0 

[0010] /^M^pmss 105 it cpuioi k» 

L'<* y HfcH^h&tiiU CPUlOl^^ 

y y 5/^ i &#o 0 
[00 1 1 ] /ur^/y^^i z&tfzt c pufg 

MftElttl 0 SttCPU^ny^OJBJMrtfJhU 
[0 0 12] r<Btt«T% (BaS^oy^3j««BMt#«» 

*<o«#*»f4*amigiiii 0 9fc±8«isii, 

^MSBIIS l 0 8 - £ix£o 

[0 0 13] ^^^J^[USSl 0 8 it 77ms: 
<h: Srfltffi-r 5 t , DM Agfa ffHTOfS -*§- 1 £: > U T/ua 
ft [UK 1 0 7 £ 10 6 MiiSo 

[0 0 14] v-y T/toiffUlggl 0 7ft 77^SII 

ft, 1 0 6-^5o 

[0 0 15] DMAIUKl 0 6 It T/uafflUKl 

0 7frb<D7?— 111 ZftLJ^V 1 0 2— # 

[0016] ^LT^K^^&g^i-si^^j 

£[H&g 1 0 8 it > y T /waff (UK 1 0 7 £ 

1 0 6 ^mmT^m^-^G^^o 

[0017] SfS *TO« -^SrSftfcDMAdlK 1 0 6 
ft /<^«HDiaBSi 0 5^DMAg«H»TSrfi^ 
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[0 0 4 8] CPU2fciDi/yr^iiflllffllS9*rS« 

30 r 2) o 
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HlK9^S:ff^Ta 3SrDMA®gS8^LTtt5*i-S 
(El3(Dr 3) o 

[0 0 5 0] rixSrSttT, DMAEK8BU DMA y 
^^Fa 5*r/<^«Hliai»7B:tHA-*-6o '<*tOfPia 
rtSR/^^ 1 1 <D'<*V4 ^/HSrWffU DM 
A'<**>f ^/Ufcgttf+W-fcR* (g|3<E>r4) fc, DM 
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[0 0 5 1 ] CPU^ny^ii[illS5m CPU^ 
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ft 0^9— x-^^Sii^rtT^ 9o Tl, &U*T2 0»! 
Pal, DMA@K8liW/^l lCWCPUCiot 
SSJJxtl/^RAM4(D7 K^SAl £(±5^5 

(@3(Dr 6) o v/i/f^v^f 1 5fi. /<* 1 1±<D 
7K^SAl^s/7r!J>^U Tl^&M 
^cy^HRAM7K^ 16H7K1/^SA1 ££ti;ft 

[0 0 5 3] DMA|e|@8^ T3, MT4^W 9 1(I 
DMAt-^^ h D-/a 4?ri/y T/WiifS[HlK9i^ttt 

D 1 1 1 (H 3 CO r 7 ) . 

[0 0 5 4] RAM7-^y77l8tt N figM* 1 
1 d^Sffx — * SD 1 RAMf-^/^ 1 

7— ffi^J-r^o RAM4(D7KWSA1 
-gfSx-* SD ia**#i&£ix5 (0 3^r8) o 

[0 0 5 5] DMAiai»8Ttt, ft©DMA(E3lKfl|^. 

RAM©7K^*H^y^yhu te^i^tsc 

S:St*9^*lr^ y h-T5 0 
[0 0 5 6] Ihtl 0^DMAteiifi^Tt5o 
20 $lJtPlfilK7llCPU^P>>^1?ih«-?-a 1 0§r>f 

7^i:U CPU^Ps/^M»[HlK5fiCPU2— <D 

Jrvyt&ft&nm-fZ (H3©r9) . 
[0 0 5 7] m7£mWt<DDMA&mtmT l,X\,^£tftl 

tf, v-y T^«B« 9 tttf* 2 lrt^cDv-y T/UA# 

a 1&#*>, A****>*bJf'>yT/wa«*rlB*«-5 0 & 

Btt. H3Wr2HrlO £IS t) jS^o 
[0 0 5 8] »£®«<DDMAte3!riS#!T-f-S (B2"C 

ttnUI) DMA0K8 te, » 0 6 fc:gfS5£ 

T«0i&*a 1 lZttittZ (H3<&r 1 1) 0 
30 [ 0 0 5 9 ] #J 9 ^^SJWlUgS 6 H\ C P U 2 MSI 9 & 

^.y h a s^tU^-T^o CPU2tt«5ii*«:g 

0B6{wtH*-r5 (B3(Dr 1 2) o 
[0 0 6 0] flcM, m4(D$s( * htms<D 

[0061] CPU2li, R O M 3 Mteffl £ tlfrti^^ 

Ki'*, 2it«K£'M hft&DMAEIKSMKje-rs 
40 (g|5co t 1 ) o H4(0^^ ^ y^t-hm H*& 

[0 0 6 2] CPU2Hi5^^7(a^ DMAS 
DMAy h a 5Sr^^MfflIlHlSS7lCtU^ 

-t£o ^<^*miia»7-ett, 1 i©/uf-f^ 

t 2) DMA7^y 9 s/^ a 6S:DMAiKl:, C 
PU^n>^f|i(ff a 1 0SrCPU2, MCPU^ 

[0 0 6 3] CPU^Ps/^*JS9iai»5Xtt, CPU^ 
50 P-/^^lh1f^a 1 0{Ict^CPU2i:«t§CPU 
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9 n y 9 a 7 £4 9 p y *KMflh£*<5 0 CPU2tf\ 

cpu^d y?i?±im-a i o^r^^r rAoMrta^* 

* 1 1 Sr. DMAT^y y $/^a 6&T9T4 :/0>RBR 
t 3) o 

[0 0 6 4] DMAHB8B, rtSS^<^ 1 1 £ RAMt 

i itrnwi^titimm (H4<dt i-t4) 

In, r^^/^^ffl^Tv-y T/WHf@&§9;^ibRA 
M4^f-^(DfiM^5c Tl, &tfT2<D$JP a t h 
DMAEIK8ttrt«B^ 1 1 tfftCPUfcioTRt 
^X^5RAM4(^)7Ku^SAlS:lHAt5 (0 5 
tf> t 4) o ^/l^^v^iM 5 13, 1 1±(DT Y\s 
^SA1^^7ry>^U TlWH4^oy 
^ffiRAMT 16l:7K^SAl ZttilJ-tZo 

[0 0 6 5] RAM4IJ, T S A 1 0>i£{f 7—9 

S D 1 ^RAMf- 9'<X 1 7(Ctb^-f-5 0 RAMf" 
^^<^^Tl8(i. T3, iit^T 4 CD^FhJR AMir — ^ 
/^17 ±.<Dm\t7-9 S D 1 SrrtSB^* 1 1 Icffi^-T 
5 (H5©t5) o 

[0 0 6 6 ] DMAH8 8B, T4W«|ffltDMA7 f - 

fc, i!fcODMAfea:ix.tRAMW7K^S:H^ 

[ 0 0 6 7] *>yr/WifSiaB9H:, DMAf-^^f 
D-^a4lI±!), l*lffl5/<^ 1 l^f>Slf7-^SD 1 
(H5<0 t 6) o 

[ 0 0 6 8] rtl-ei(H(DDMAte^lfi)Sl7*f"5o 
W»iai»7ttCPU^a^^fltjh«»a ioHyr^ 
■r-f^U CPU^P2/^<W»iai8 5ttCPU2^ (7) 
*Py?««ftlfflt5 M5©t7) o 

[0069] i/yr^a«iaiS9«, ^it&ofcx-* 

Sr^y TVWttfja 2tLt« : f2 0ClilAt5 (El 5 60 

ts) o s/jiT/na/}35*iiT-r»i, ->nr/uafsia» 

9ttiS(t^Ta 3SrDMAElK8^»LraB*-r5 (0 
50) t 9) o 

[0 0 7 0] DMA0&8M:, »5©a*G>DMA(Ei£jW 
^7ltV>4itjt(l /<^«KEI§S7fcDMA!> 

h a 5 £m*-T5 (HSOtll) , JWB, m5<D t 2 
^bt 1 0 Srjft 9 ig-To 

[0 0 7 1 ] jtS0t(DDMAfeI^|lTt5 (0 4T* 
fin HI) DMAI9R8atl0i&»IHfll6^aMt%T 
f "J 9 all Z&Jj-fZ> (@5(^tl2) 0 91(3 »^ 

MfKOilea. cpu2fc»oi&*y*:**ha8«ra 

*-T5o CPU2tt»5ii*S:g*t#*t5i:, #J<9&^ 
T^yyjx^a9SrW9 ii^SOTIeisg 6 {^tti^-r 6 (H 

50) t 13) 0 

[0072] *»m<om2io9twM^^xnm 



i0 

^1S^0)jSi2llIK 9 1-99, 2fctf*«<BfliaiII8S 9 1 
-9 9{C*HCUfcDMAIUSES8 l*rtjSttV^jStfe 

[0 0 7 3] jg$2[Hlfi&9 l-9 9lt -tH^DMAEl 
8&8fc:DMAg#fS-g-a 3 1 - a 3 9£tfci^U DMA 
|HlK8^e>DMA^ h n-^ff-^a 4 1 - a 4 9 
Ul/^o Sfc, ^rtt^tbS^- 6 1-6 9 fcff a 2 1 
io -a 2 9%mt)L, ffi*7 1-7 9^hit^a 5 1 — a 
5 9SrA;ftLTV^ 0 £ £ T? CO 522 El 38 1 it, '>S7^ 
lift m&&t&#>. '<y wwiiif a/d^ 

[0074] *co(fio«*tt, strE*i^iafiMtra« 

[0 0 7 5] fcfc, *Sat«0»ff«)ttW*fT*5. ft 

[0076] CPU2I1 J^32[HlK 9 1-99 (O^tfl^ 
20 tUC^LT, RAM4(D|fe7K^, Xl/fel^-f F 
SSrDMAEte8 lt^K^So 0 6 (C^ LfcDM A EI 
S8 ltt. 1S»0)^5a[H3K9 1—9 9^6^)DMAI* 
fs#a 3 1-a 3 9SrSM?U lo©DMAS**Slt 
tttt£o gitWt&*bft^ofcDMA»*tt«aStt, 
^If^ii^6o DMAIH&8 lte, gttttttfc 
«fflia«8fc»LT**»l»l <tra#fcRAM4 t^MT* 
DMAe^SrfTft5o 
[0 0 7 7] WAll rrt»fljfl@I»9 5*Sg»t#H"6 
ttfc<b-T6o DM AdlK 8 1 13, ^^»J»EIte7{CDM 
so Ay ^rc^ h a 5^:tti^i-^ 0 /<^SMHIi^ 7 ^DMA 
T9 J y 5^ a 6^tti*-r5<b, DMA[h]&8 111, 
52IUSS9 5(^lSt5RAM7 Kl^SrrtW^* Hi 
(Cffi^^^o ia^[eI{fS9 5MRAM4^ ©DMAgS 
£>4§-gi3:, i^j22[H]S§9 5i:DMAf"^^ hn-^a 4 
5 ^rffi^l U JU^El&g 9 5 1*^* 1 1 ±ICx~* ££B;*> 

[0 0 7 8] RAM7- 9'<y 1 812/^ 1 1 ±<D 
f~^5rRAMr-^/^ 1 7I^AL, RAM4!:r 
— ^*S*#5i4ix5 0 RAM4^e>JSffl[eiaS9 5 

40 — (DDMAfe^CO#^li, 

RAMf-^/^ 1 7 1 1 ±{-tU^-T 

So 

[0 0 7 9] DMA[USg8 111, iafflfUSS 9 SI-DMA 
7— 9* ho^a 4 5Srtti27U 1 1 ±(D7—9 

[0 0 8 0] !E](DDMAte3l^jHTi-S<!:> DMA0 
lliffi:@^C0DMAS*^l^l¥L, lO(D^*Sril 

tR-TSo «T, DMA<a«i:IH|f«r»9iKU ^t^D 
M A**fc»-T5 DM AtM£&3lfrr5 0 
bo [0 0 8 1 ] 



ft IP] ¥10-21 184 



11 

m*y^iftvf-y-7'**4 9 oayfa- ^l^iixtf, CP 

ua>e> 1 1 d ^ ^-er^*^^rtB4RAMi:#ja3aiaB 

AgS^-C#5 0 4fc, DMAfiSNfl:S, CPUO? 

«i-s <t 5 a* t>#-r So 

[0 0 8 2] ±E^*S#f(D^-r^nnvt: 0 rr-^-r* 
tts DMAtea6©Mtt*^€)— Jt©DMA(E5U^ll»T 

S<OT\ *«Wt±Efie*ft«i:<D|IIteS3ft6 % CPU 

[0 0 8 3] DMA@8t*fcftV^ ^n=2>- 

^-^J^iTS,*:, aT©i5t*5. DMAIhIK 

[0 0 8 4] — ^, #3&!H0>^>f * p ^>-t o ^ — *-e 
tt, p s/^-Cl IUODMAe2ldSfir*x.5^ 

T\ DMA@»«:i*fc*lv^>f * n^tf^ — *o*5± 

SOfflifpjtt^w^ p=3^tr a— *£><]; 5 1-, #Hft(0jHffl 

0S&Srl*|jKU RAMir(0F^T^^(C7 :f *--^te^$rff 

[01] *«MO»lo36*«^«5DMArtjK^^^ 
[0 2] **W©IBl©J«li«fc«lt6'>yTyHfeflr* 

So 

[83] *»WO«loSllfc«fc»»t6i/y T^gjfB* 



(7) 

[B4] ^Mo«iojHt«fc*tt5s/yr/pas«i* 

So 

[05] *«w^fBi©ji*«fc*5*t5'>yT/waHt# 

[0 6] **MO»2 0H16W^«SDMArt»^^^ 

-efeSo 

[07] «DMArt)Si/y^f ^y^^n^yt 0 

[f?^tf)tfcpj3] 

1, 5 0, 101 i/l/P^y-J^-i 2 p ^ Vka- 

2 CPU 

3 ROM 

4, 10 2 RAM 

5 CPU^ny^HtPIH* 

6 M9&*MMaK 
7,105 /<*Mf|[ElK 

20 8,81,106 DMAiHlgg 

9,107 ->y r/wfflfsiuK 
io, iio 

1 1 rt8B'<* 
1 2 ROMT K^*/** 
1 3 ROMf-^/^ 
14,16 RAMT \n"Xs<X 
1 5 v/^/l/^t 
1 7 RAMf-^/<^ 
18 RAMr-^<5'77 
so 19,112,113 

20-23, 61—69, 71-79 ffiT- 

9 1-9 9 iliadlSS 

10 3 CPU^D5/^»i|« 
104 jyfyzfbfflm®® 
108 7?^WfeiaS6 

i o 9 &mmm& 

114 n>f /U 
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im2) 



a 1 3 ' 
ft«5*7 a 3 
DMA 

■j > a 5 

DMA 

r^y9«j»y 16- 

CPU>P/* 
#lt<3H a 10 

a 7 

RAM7 r 

'< X 14 

W B> « X 11 

X IB 
R A M r - * 
'< X 17 
DMA?- * 
X \ b-7 a 4 - 

all- 

ffl *) 

•J ?iex h a6 - 

n o a* 

T4S')v'S a 9 - 




^ SA1 ft SU1 J }T 



Xbl X fc>2 Xrj3 X^r-valifl XT 



if 1% ft" s*>" fc: 



. ,> I I I L 1 



-T 



-I I I 1—1 1 \_ 
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[S3] 



* ' 

DMAIS»CRAM7KU^. 



%7fe DMAB8&Cfl ft?* 

i 

S ft ft ITS 

CPU<D?Clv?«:#.ltU 

i _ 

RAM7Fu*£tjH7J?S 



T 



f*J ^ A J* _t © x - y * R A M 
/W^y^rt-bTRAMC* 
Sat 



CPU"\<D?Ov?#|&* 




r1 



^r2 

-r5 
-r6 
r7 

-r8 
r9 



m 

rl2 



C5T) 
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[04] 



a) 3 > 
a 3 

DMA 
DMA 

7?y 'I yV a 6 - 

#it«9 a 1 0 
CPU797? 
a 7 

RAMT Kl/X 
^ a 14 

n 

ramx 

/< J* L 6 

RAMf-f 
><X 17 

DMAf " 9 

X Y a-? a 4 - 

all 

•J I a 8 - 

m o a* 

79S V yV aO- 



, Tl , TS,T3 , T4 




I 
1 




[06] 



ROM 



12 



13 



CPU 



u 

_L_ 



JB 



jILib 



RAM 



RAM 



5 



10 

1 



a12 



aiof 



a6 



aS 



DUASfc 




.50 



a21^a29 



a31-a39 



a51-a59 
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(11) 



[BS] 



E 



tl 



A^tJtJIBII^DMA* 

i 



RAM7Pu^*ai^j^S 



» n* * ± <0 r - 9 5: > U 



CPU'N©?^?*^* 



t2 

-t3 

-U 
-t5 

-t6 
-t7 



I 



£T£DMA®«SCiH*>** 



111 



DMAU?i*h£HJ}j*fc 




cpuraouaa* 
* 



t12 

tl3 
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C P(J 



„101 



[07] 



.102 



103 , 

_> 1 



AID 01 ft 
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DMAS 88 
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